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Abstract
Respiratory dysfunction is an underrecognized component of Parkinson’s disease (PD), but its
relationship with neurological disease severity, motor phenotype, and systemic inflammation remains
incompletely understood. This study aimed to characterize pulmonary function in patients with PD and
identify clinical and inflammatory factors independently associated with impaired spirometric
performance.

Methods

This single-center observational study included 93 patients with PD. Demographic and clinical
characteristics, Hoehn–Yahr stage, Unified Parkinson’s Disease Rating Scale (UPDRS) score, disease
duration, spirometric parameters, and laboratory markers, including C-reactive protein (CRP), albumin,
and haemoglobin, were recorded. Respiratory and disease-specific outcomes were assessed using the
St George’s Respiratory Questionnaire, COPD Assessment Test, modified Medical Research Council
dyspnoea scale, and Parkinson’s Disease Questionnaire-39. Patients were categorized according to
Hoehn–Yahr stage, motor phenotype, and pulmonary function status, with reduced pulmonary function
defined as FEV₁ <80% of predicted. Correlation analyses and multivariable regression models were used
to identify factors independently associated with FEV₁, FVC, and the FEV₁/FVC ratio.

Results

The mean age was 69.58 ± 6.93 years, and 53.8% of patients were male. Reduced pulmonary function
was present in 43.0% of patients. Higher Hoehn–Yahr stage was associated with greater neurological
severity, longer disease duration, and poorer PD-specific quality of life, but not with significant
differences in FEV₁, FVC, FEV₁/FVC, dyspnoea, or respiratory symptom scores. Motor phenotype was not
significantly associated with spirometric or quality-of-life measures. Patients with reduced pulmonary
function were older and had higher CRP levels than those with preserved function. Age was inversely
correlated with FEV₁ (r = − 0.318, p = 0.002) and FVC (r = − 0.296, p = 0.004). In multivariable models, age
and CRP were independently associated with lower FEV₁ and FVC, whereas age and haemoglobin were
independently associated with the FEV₁/FVC ratio.

Conclusions

Reduced pulmonary function in PD was more consistently associated with ageing and systemic
inflammation than with neurological disease stage, motor phenotype, or disease duration. The absence
of a clear relationship between spirometric impairment and respiratory symptoms suggests that
clinically relevant pulmonary impairment may remain underrecognized. Objective respiratory assessment
may therefore provide complementary clinical information in patients with PD, particularly in older
individuals and those with increased systemic inflammatory burden.

1. Introduction
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Parkinson’s disease (PD) is one of the most common neurodegenerative disorders of later life, and its
clinical and public health burden continues to increase with population ageing. Although PD is
traditionally defined by its cardinal motor manifestations, including bradykinesia, rigidity, tremor, and
postural instability, it is now recognized as a multisystem disorder involving multiple non-motor domains.
These manifestations can substantially affect functional status, quality of life, and long-term outcomes
and may, in some patients, contribute to disability independently of motor impairment [1, 2].

Respiratory dysfunction represents a relatively underrecognized component of the clinical spectrum of
PD. Several mechanisms may contribute to respiratory impairment, including chest wall rigidity, altered
respiratory muscle coordination, postural abnormalities, upper airway dysfunction, impaired ventilatory
control, and reduced cough effectiveness. Swallowing dysfunction and impaired airway protection may
further increase respiratory morbidity. Importantly, respiratory abnormalities do not necessarily present
with prominent dyspnoea and may develop gradually, remaining clinically unrecognized or being
attributed to ageing, frailty, reduced physical activity, or the neurological disease itself [3, 4].

Previous studies have demonstrated abnormalities in pulmonary function among patients with PD,
including restrictive, obstructive, and mixed ventilatory patterns. However, the relationship between
pulmonary function and neurological disease characteristics remains inconsistent. Respiratory
impairment does not appear to parallel motor severity in a uniform manner, and respiratory symptoms
may be absent despite measurable abnormalities in pulmonary function [5, 6]. This discrepancy is
clinically relevant because symptom-based assessment alone may fail to identify patients with early or
clinically unapparent respiratory impairment. Consequently, pulmonary dysfunction may remain
underrecognized until more advanced respiratory or swallowing-related complications develop.

Respiratory dysfunction in PD is clinically important because impaired cough, dysphagia, and reduced
airway protection may contribute to bronchopulmonary complications, including aspiration pneumonia,
which remains a major cause of morbidity and mortality in advanced PD [7]. However, respiratory
assessment should not be restricted to patients with overt respiratory disease or established
complications. Ageing itself is associated with progressive reductions in pulmonary reserve and
respiratory muscle performance and may therefore increase susceptibility to respiratory dysfunction in
older patients with PD. In parallel, systemic inflammation has emerged as a potential contributor to the
pathophysiology of PD and its clinical progression. C-reactive protein (CRP), a readily available marker of
systemic inflammation, may therefore provide additional information when pulmonary function is
evaluated in this population [8, 9].

Despite increasing recognition of respiratory involvement in PD, an important unresolved question is
whether impaired pulmonary function primarily reflects neurological disease severity or represents a
partially independent clinical dimension of the disease. Previous studies have largely focused on specific
respiratory manifestations or individual clinical determinants, whereas the relationships among
pulmonary function, ageing, systemic inflammation, motor phenotype, neurological disease severity,
respiratory symptom burden, and disease-specific quality of life have been less comprehensively
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evaluated. In particular, whether systemic inflammatory status is independently associated with
spirometric impairment after accounting for relevant demographic and clinical characteristics remains
insufficiently understood.

Therefore, this study aimed to characterize pulmonary function in patients with PD and to identify
demographic, clinical, and laboratory factors independently associated with impaired spirometric
performance. We specifically evaluated whether pulmonary function was associated with motor
phenotype and neurological disease severity and examined the independent associations of age and
systemic inflammatory status with FEV₁, FVC, and the FEV₁/FVC ratio. We also assessed whether
objectively measured pulmonary impairment was reflected in respiratory symptoms, dyspnoea, or PD-
specific health-related quality of life.

2. Materials and Methods

2.1. Study design and participants
This single-center retrospective observational cross-sectional study included consecutive patients with
idiopathic Parkinson’s disease (PD) who attended the Neurology outpatient clinic of Giresun University
Faculty of Medicine between January 2023 and December 2024. Clinical, laboratory, spirometric, and
questionnaire data were retrospectively retrieved from institutional electronic medical records.
Spirometric measurements and respiratory questionnaire assessments had been performed during
routine clinical evaluations in the Department of Chest Diseases and were available in the institutional
database.

Patients were included if they had complete clinical, laboratory, spirometric, and questionnaire data.
Patients with missing core study variables were excluded from the final analysis.

The inclusion criteria were: (1) age ≥ 18 years; (2) a diagnosis of idiopathic PD established according to
the Movement Disorder Society (MDS) Clinical Diagnostic Criteria for Parkinson’s Disease by an
experienced neurologist; (3) clinically stable disease at the time of assessment; and (4) availability of
technically acceptable spirometry and completed respiratory and health-related quality-of-life
questionnaires.

Patients were excluded if they had active pulmonary malignancy, interstitial lung disease, previous lung
surgery, neuromuscular disorders other than PD, acute respiratory infection, recent pulmonary
exacerbation, inability to perform technically acceptable spirometry, severe cognitive impairment
preventing questionnaire completion, missing core study data, atypical parkinsonian syndromes, or
secondary parkinsonism.

All neurological examinations were performed by experienced neurologists specializing in movement
disorders.

2.2. Ethical considerations
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The study protocol was approved by the Ethics Committee of Giresun Training and Research Hospital
(Approval No. 15; 4 September 2024). The study was conducted in accordance with the ethical principles
of the Declaration of Helsinki and its subsequent amendments. As this was a retrospective study based
on existing clinical records, the requirement for individual informed consent was determined in
accordance with the decision of the institutional ethics committee.

2.3. Demographic and clinical characteristics
Demographic and clinical characteristics included age, sex, body mass index (BMI), smoking status,
alcohol use, and the presence of major comorbidities, including cardiovascular disease, diabetes
mellitus, hypertension, and dyslipidaemia.

PD duration was recorded in years. Neurological disease severity was assessed using the Hoehn–Yahr
(H&Y) staging system and the Unified Parkinson’s Disease Rating Scale (UPDRS) total score.

Patients were categorized according to predominant motor phenotype as either tremor-dominant or
bradykinesia-dominant based on the predominant clinical features documented during neurological
examination by experienced neurologists. This classification was used to investigate whether pulmonary
function differed according to predominant motor phenotype.

2.4. Pulmonary function assessment
Pulmonary function was assessed using spirometry. The primary spirometric parameters were forced
expiratory volume in the first second (FEV₁), forced vital capacity (FVC), and the FEV₁/FVC ratio. FEV₁
and FVC were recorded as absolute values and as percentages of predicted values.

Spirometry was performed by an experienced pulmonary function technician using an Easy on-PC
spirometer (ndd Medical Technologies, Zurich, Switzerland) in accordance with the 2019 American
Thoracic Society/European Respiratory Society (ATS/ERS) technical standards. The device was
calibrated before each testing session, and routine quality-control procedures were performed according
to the manufacturer’s recommendations. At least three acceptable and reproducible manoeuvres were
obtained according to ATS/ERS criteria. The highest acceptable FEV₁ and FVC values were used for
analysis, and the FEV₁/FVC ratio was calculated from the corresponding spirometric measurements.

Predicted values were calculated using the reference equations incorporated into the device software,
accounting for age, sex, height, and ethnicity. Spirometric measurements were obtained under stable
clinical conditions before bronchodilator administration and were therefore considered baseline pre-
bronchodilator measurements.

For the primary categorical analysis, patients were classified according to FEV₁ expressed as a
percentage of the predicted value. An FEV₁ ≥80% of predicted was considered preserved pulmonary
function, whereas an FEV₁ <80% of predicted was considered reduced pulmonary function. This
threshold was prespecified for the primary group comparison.
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2.5. Laboratory measurements
Routine laboratory parameters obtained during clinical assessment were retrospectively recorded from
the institutional medical records. The laboratory variables included serum albumin, C-reactive protein
(CRP), and haemoglobin.

CRP was considered a marker of systemic inflammation, whereas albumin and haemoglobin were
included as general clinical, nutritional, and haematological indicators that might be associated with
pulmonary function.

Venous blood samples were obtained after overnight fasting and analysed in the central laboratory of
Giresun Training and Research Hospital using standardized automated laboratory methods.

2.6. Respiratory symptoms and health-related quality of
life
Respiratory and quality-of-life assessments performed during routine clinical evaluation were retrieved
from the institutional medical records. Respiratory health-related quality of life was assessed using the
total score of the St George’s Respiratory Questionnaire (SGRQ) [10]. Respiratory symptom burden was
assessed using the COPD Assessment Test (CAT) [11], and dyspnoea severity was assessed using the
modified Medical Research Council (mMRC) dyspnoea scale [12]. Parkinson’s disease-specific health-
related quality of life was assessed using the Parkinson’s Disease Questionnaire-39 (PDQ-39), a disease-
specific instrument developed to assess functioning and well-being in patients with Parkinson’s disease
[13, 14].

These instruments were not developed specifically for the present study. The SGRQ, CAT, mMRC
dyspnoea scale, and PDQ-39 were previously published instruments, and validated Turkish versions were
used [10–13]. These assessments were included to determine whether objectively measured spirometric
impairment was associated with perceived respiratory symptoms, dyspnoea, respiratory health status, or
broader disease-specific quality of life.

All questionnaires were administered on the same clinical assessment day as the neurological
examination and spirometry by trained investigators using the respective validated Turkish versions.

2.7. Study outcomes and covariates
The primary outcomes were pulmonary function parameters, including FEV₁, FVC, and the FEV₁/FVC
ratio. Reduced pulmonary function, defined as FEV₁ <80% of predicted, was also examined as a
categorical outcome for the primary group comparison.

Secondary analyses evaluated associations between pulmonary function and demographic and clinical
variables, including age, sex, BMI, smoking status, disease duration, H&Y stage, UPDRS total score,
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motor phenotype, comorbidities, inflammatory and laboratory markers, respiratory symptom scores, and
PD-specific health-related quality of life.

For multivariable analyses, age, sex, UPDRS total score, disease duration, CRP, albumin, and
haemoglobin were selected a priori based on their clinical relevance and previously reported
associations with pulmonary function.

2.8. Sample size estimation
Sample size estimation was performed using G*Power version 3.1. Assuming a two-tailed correlation
analysis, an expected effect size of r = 0.30, a two-sided α level of 0.05, and 80% statistical power, the
minimum required sample size was estimated to be 84 participants. The final study population
consisted of 93 patients, exceeding the minimum required sample size.

2.9. Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics for Windows, version 31.0 (IBM Corp.,
Armonk, NY, USA). The distribution of continuous variables was assessed using skewness and kurtosis
values, with values between − 1.96 and + 1.96 considered consistent with an approximately normal
distribution. Continuous variables were expressed as mean ± standard deviation (SD) and median
(minimum–maximum), whereas categorical variables were presented as frequencies and percentages.

Comparisons between two independent groups were performed using the independent-samples t-test
for continuous variables and the chi-square test for categorical variables. Comparisons involving more
than two groups, including comparisons according to H&Y stage, were performed using one-way
analysis of variance (ANOVA). Homogeneity of variances was assessed using Levene’s test. When the
overall ANOVA was statistically significant, post hoc pairwise comparisons were performed using
Duncan’s multiple range test.

Associations between clinical variables, pulmonary function parameters, and questionnaire scores were
evaluated using Spearman’s rank correlation analysis. Correlation coefficients were interpreted
according to their absolute values as weak (0.00–0.29), moderate (0.30–0.69), or strong (0.70–1.00).

Multivariable linear regression models were used to identify factors independently associated with
pulmonary function. Separate models were constructed for FEV₁, FVC, and the FEV₁/FVC ratio as
dependent variables. Age, sex, UPDRS total score, disease duration, CRP, albumin, and haemoglobin were
entered simultaneously into each model. These variables were selected a priori based on their clinical
relevance and previously reported associations with pulmonary function. Unstandardized regression
coefficients (B), standard errors (SE), standardized beta coefficients (β), p-values, and explained variance
(R²) were reported. Multicollinearity was assessed using variance inflation factors (VIFs), with VIF
values < 5 considered indicative of no problematic multicollinearity.

All statistical tests were two-sided, and a p-value < 0.05 was considered statistically significant.
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3. Results

3.1. Study population and baseline characteristics
A total of 93 patients with Parkinson’s disease (PD) were included in the final analysis. The mean age
was 69.58 ± 6.93 years, and 50 patients (53.8%) were male. Hoehn–Yahr (H&Y) stages I, II, and III
accounted for 57.0%, 36.6%, and 6.5% of the cohort, respectively. Forty patients (43.0%) had a
bradykinesia-dominant phenotype, whereas 53 (57.0%) had a tremor-dominant phenotype.

Reduced pulmonary function, defined as FEV₁ <80% of predicted, was identified in 40 patients (43.0%).
The mean FEV₁ was 79.81 ± 18.87% of predicted, while the mean FVC was 67.27 ± 15.06% of predicted.
The mean FEV₁/FVC ratio was 0.92 ± 0.07. The mean SGRQ, CAT, and mMRC scores were 27.21 ± 20.65,
10.58 ± 8.09, and 0.96 ± 1.02, respectively. The mean PDQ-39 total score was 25.20 ± 13.35.

Baseline demographic, clinical, laboratory, pulmonary function, respiratory symptom, and quality-of-life
characteristics are summarized in Table 1.
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Table 1
Baseline demographic, clinical, laboratory, respiratory, and questionnaire

characteristics of patients with Parkinson's disease
Variable Value

Male sex 50 (53.8)

Age < 70 years 48 (51.6)

Current/former smoking 15 (16.1)

Alcohol use 2 (2.2)

Cardiac disease 19 (20.4)

Diabetes mellitus 17 (18.3)

Hypertension 39 (41.9)

Dyslipidaemia 14 (15.1)

Hoehn-Yahr stage I / II / III 53 (57.0) / 34 (36.6) / 6 (6.5)

Bradykinesia-dominant phenotype 40 (43.0)

Reduced pulmonary function, FEV1 < 80% 40 (43.0)

Age, years 69.58 ± 6.93; 69.00 (55.00–90.00)

Body mass index, kg/m² 27.93 ± 4.60; 27.16 (18.10-42.19)

Albumin, g/L 44.75 ± 2.64; 45.05 (34.80–50.60)

C-reactive protein, mg/L 2.95 ± 3.01; 2.05 (0.08–14.02)

Haemoglobin, g/dL 13.37 ± 1.48; 13.40 (9.60–16.00)

Disease duration, years 4.26 ± 3.58; 3.00 (1.00–15.00)

UPDRS total score 17.29 ± 8.14; 16.00 (4.00–43.00)

FEV1, % predicted 79.81 ± 18.87; 81.00 (20.00-124.00)

FVC, % predicted 67.27 ± 15.06; 68.00 (30.00-101.00)

FEV1/FVC ratio 0.92 ± 0.07; 0.96 (0.72-1.00)

SGRQ total score 27.21 ± 20.65; 23.42 (0.00-77.97)

CAT score 10.58 ± 8.09; 10.00 (0.00–37.00)

mMRC dyspnoea scale 0.96 ± 1.02; 1.00 (0.00–3.00)

PDQ-39 total score 25.20 ± 13.35; 22.00 (5.00–65.00)

Data are presented as n (%) or mean ± standard deviation (SD); median (minimum–maximum).
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Footnote

H&Y, Hoehn–Yahr; UPDRS, Unified Parkinson’s Disease Rating Scale; FEV₁, forced expiratory volume in
the first second; FVC, forced vital capacity; CRP, C-reactive protein; SGRQ, St George’s Respiratory
Questionnaire; CAT, COPD Assessment Test; mMRC, modified Medical Research Council; PDQ-39,
Parkinson’s Disease Questionnaire-39. The pulmonary function category was defined as FEV₁ <80% of
predicted.

3.2. Clinical and pulmonary findings according to Hoehn–
Yahr stage
Clinical, pulmonary function, and questionnaire findings according to H&Y stage are presented in Table 2.

UPDRS total scores differed significantly across H&Y stages (p < 0.001). Mean UPDRS scores increased
from 13.85 ± 6.29 in stage I to 21.41 ± 8.42 in stage II and 24.33 ± 6.35 in stage III. Post hoc analysis
showed that UPDRS scores were significantly higher in stages II and III than in stage I.

Disease duration also differed significantly across H&Y stages (p < 0.001), increasing progressively from
2.83 ± 2.67 years in stage I to 5.38 ± 3.16 years in stage II and 10.50 ± 4.37 years in stage III.

In contrast, pulmonary function parameters did not differ significantly according to H&Y stage. Mean
FEV₁ values were 82.62 ± 18.27%, 76.50 ± 20.23%, and 73.67 ± 13.38% of predicted in stages I, II, and III,
respectively (p = 0.242). Corresponding FVC values were 69.04 ± 14.75%, 66.18 ± 15.86%, and 57.83 ± 
10.01% (p = 0.196). The FEV₁/FVC ratio was 0.92 ± 0.07, 0.92 ± 0.08, and 0.98 ± 0.03, respectively (p = 
0.174).

The proportion of patients with reduced pulmonary function was 39.6% in stage I, 47.1% in stage II, and
50.0% in stage III, with no statistically significant difference between groups (p = 0.743).

Similarly, SGRQ, CAT, and mMRC scores did not differ significantly across H&Y stages (p = 0.513, p = 
0.708, and p = 0.490, respectively). In contrast, PDQ-39 total scores increased significantly with
advancing H&Y stage, from 21.42 ± 12.48 in stage I to 29.38 ± 13.24 in stage II and 35.00 ± 10.73 in stage
III (p = 0.004).
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Table 2
Clinical, pulmonary function, and questionnaire findings according to Hoehn–Yahr stage

Variable Stage I (n = 53) Stage II (n = 34) Stage III (n = 6) p
value

Male sex, n (%) 29 (54.7) 17 (50.0) 4 (66.7) 0.735

Age, years 68.57 ± 7.10; 68
(55–81)

71.38 ± 6.85;
71.5 (59–90)

68.33 ± 3.93; 67.5
(64–75)

0.164

Bradykinesia-dominant
phenotype, n (%)

21 (39.6) 17 (50.0) 2 (33.3) 0.561

Reduced pulmonary
function, n (%)

21 (39.6) 16 (47.1) 3 (50.0) 0.743

UPDRS total score 13.85 ± 6.29; 12
(4–30)a

21.41 ± 8.42;
20.5 (10–43)b

24.33 ± 6.35; 23
(18–35)b

< 
0.001

Disease duration, years 2.83 ± 2.67; 2 (1–
15)a

5.38 ± 3.16; 5
(1–14)b

10.50 ± 4.37; 10.5
(5–15)c

< 
0.001

FEV1, % predicted 82.62 ± 18.27; 84
(35–124)

76.50 ± 20.23;
80 (20–112)

73.67 ± 13.38; 74.5
(58–93)

0.242

FVC, % predicted 69.04 ± 14.75; 71
(31–95)

66.18 ± 15.86;
64 (30–101)

57.83 ± 10.01; 57.5
(46–72)

0.196

FEV1/FVC ratio 0.92 ± 0.07; 0.95
(0.72-1.00)

0.92 ± 0.08; 0.93
(0.76-1.00)

0.98 ± 0.03; 0.99
(0.93-1.00)

0.174

SGRQ total score 25.42 ± 19.68;
22.46 (1.75–
77.97)

28.67 ± 22.76;
29.67 (0-75.09)

34.71 ± 17.02;
34.06 (12.66–
57.43)

0.513

CAT score 10.15 ± 8.23; 8 (0–
37)

11.47 ± 8.29;
10.5 (0–33)

9.33 ± 6.15; 9 (0–
16)

0.708

mMRC dyspnoea scale 0.85 ± 0.99; 1 (0–
3)

1.12 ± 1.09; 1
(0–3)

1.00 ± 0.89; 1 (0–2) 0.490

PDQ-39 total score 21.42 ± 12.48; 16
(5–61)

29.38 ± 13.24;
27.5 (12–65)

35.00 ± 10.73; 37.5
(18–49)

0.004

Data are presented as n (%) or mean ± standard deviation (SD); median (minimum–maximum). Different
superscript letters indicate statistically significant post hoc differences. Comparisons were performed
using one-way ANOVA for continuous variables and the chi-square test for categorical variables.

Footnote

H&Y, Hoehn–Yahr; UPDRS, Unified Parkinson’s Disease Rating Scale; FEV₁, forced expiratory volume in
the first second; FVC, forced vital capacity; SGRQ, St George’s Respiratory Questionnaire; CAT, COPD
Assessment Test; mMRC, modified Medical Research Council; PDQ-39, Parkinson’s Disease
Questionnaire-39.
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3.3. Pulmonary function according to predominant motor
phenotype
Clinical, pulmonary function, and questionnaire findings according to predominant motor phenotype are
presented in Table 3.

Male sex was more frequent among patients with a bradykinesia-dominant phenotype than among those
with a tremor-dominant phenotype (67.5% vs. 43.4%; p = 0.036). No significant differences were
observed between the two phenotype groups in age, BMI, CRP concentration, UPDRS total score, or
disease duration.

Reduced pulmonary function was present in 37.5% of patients with a bradykinesia-dominant phenotype
and 47.2% of those with a tremor-dominant phenotype (p = 0.471).

Mean FEV₁ was 83.20 ± 16.63% of predicted in the bradykinesia-dominant group and 77.25 ± 20.18% in
the tremor-dominant group (p = 0.189). Mean FVC was 70.00 ± 13.24% and 65.21 ± 16.11%, respectively
(p = 0.133), while the FEV₁/FVC ratio was 0.91 ± 0.08 and 0.93 ± 0.07 (p = 0.185).

No significant differences were observed between motor phenotypes in SGRQ, CAT, mMRC, or PDQ-39
scores (all p > 0.05).
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Table 3
Clinical, pulmonary and questionnaire findings according to predominant motor phenotype

Variable Bradykinesia dominant (n = 
40)

Tremor dominant (n = 53) p
value

Male sex, n (%) 27 (67.5) 23 (43.4) 0.036

Age, years 69.27 ± 6.60; 70 (55–79) 69.81 ± 7.23; 69 (56–90) 0.714

Body mass index, kg/m² 27.14 ± 3.97; 26.61 (19.95–
36.81)

28.51 ± 4.98; 27.68 (18.10-
42.19)

0.156

C-reactive protein, mg/L 2.87 ± 3.58; 1.20 (0.10-
14.02)

3.00 ± 2.60; 2.12 (0.08-
13.00)

0.884

UPDRS total score 18.90 ± 8.87; 18 (5–43) 16.08 ± 7.40; 14 (4–32) 0.098

Disease duration, years 5.05 ± 4.20; 4 (1–15) 3.66 ± 2.94; 3 (1–13) 0.074

Reduced pulmonary
function, n (%)

15 (37.5) 25 (47.2) 0.471

FEV1, % predicted 83.20 ± 16.63; 81.50 (56–
124)

77.25 ± 20.18; 81 (20–112) 0.189

FVC, % predicted 70.00 ± 13.24; 71 (46–101) 65.21 ± 16.11; 65 (30–91) 0.133

FEV1/FVC ratio 0.91 ± 0.08; 0.93 (0.72-1.00) 0.93 ± 0.07; 0.96 (0.76-
1.00)

0.185

SGRQ total score 27.04 ± 18.98; 23.12 (0-
77.97)

27.34 ± 22.01; 24.71
(1.05–75.09)

0.945

CAT score 10.17 ± 7.60; 8.50 (0–33) 10.89 ± 8.50; 10 (0–37) 0.677

mMRC dyspnoea scale 0.92 ± 1.02; 1 (0–3) 0.98 ± 1.03; 1 (0–3) 0.794

PDQ-39 total score 25.70 ± 13.33; 23 (9–65) 24.83 ± 13.48; 21 (5–62) 0.758

Data are presented as n (%) or mean ± SD; median (minimum-maximum). Independent-samples t-test or chi-
square test was used as appropriate.

Footnote

BMI, body mass index; CRP, C-reactive protein; UPDRS, Unified Parkinson’s Disease Rating Scale; FEV₁,
forced expiratory volume in the first second; FVC, forced vital capacity; SGRQ, St George’s Respiratory
Questionnaire; CAT, COPD Assessment Test; mMRC, modified Medical Research Council; PDQ-39,
Parkinson’s Disease Questionnaire-39.

3.4. Clinical and laboratory characteristics according to
pulmonary function status
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Patients were categorized according to preserved pulmonary function (FEV₁ ≥80% of predicted; n = 53) or
reduced pulmonary function (FEV₁ <80% of predicted; n = 40). The corresponding clinical, laboratory,
pulmonary function, and questionnaire findings are presented in Table 4.

Patients with reduced pulmonary function were significantly older than those with preserved pulmonary
function (71.75 ± 6.95 vs. 67.94 ± 6.52 years; p = 0.008). CRP concentrations were also significantly
higher in the reduced pulmonary function group (3.96 ± 3.92 vs. 2.25 ± 1.95 mg/L; p = 0.039).

Albumin concentrations were lower in patients with reduced pulmonary function than in those with
preserved pulmonary function, although the difference was not statistically significant (44.19 ± 2.43 vs.
45.14 ± 2.73 g/L; p = 0.092). Haemoglobin concentrations did not differ significantly between the groups
(p = 0.656). Similarly, UPDRS total score and disease duration were not significantly different between
patients with preserved and reduced pulmonary function (p = 0.155 and p = 0.831, respectively).

As expected from the predefined classification, FEV₁ was substantially lower in the reduced pulmonary
function group than in the preserved pulmonary function group (62.93 ± 13.17% vs. 92.55 ± 10.74% of
predicted; p < 0.001). FVC was also lower in the reduced pulmonary function group (55.55 ± 12.36% vs.
76.11 ± 10.05%; p < 0.001), as was the FEV₁/FVC ratio (0.90 ± 0.09 vs. 0.94 ± 0.05; p = 0.010).

Despite the differences in spirometric parameters, SGRQ, CAT, mMRC, and PDQ-39 scores did not differ
significantly between the two pulmonary function groups (all p > 0.05).
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Table 4
Clinical, laboratory, pulmonary and questionnaire findings according to pulmonary function status

Variable Preserved pulmonary function,
FEV1 > = 80% (n = 53)

Reduced pulmonary function,
FEV1 < 80% (n = 40)

p
value

Age, years 67.94 ± 6.52; 68 (55–80) 71.75 ± 6.95; 72 (59–90) 0.008

Body mass index,
kg/m²

27.27 ± 4.11; 27.06 (19.95–
42.19)

28.79 ± 5.11; 27.88 (18.10-
41.62)

0.116

Albumin, g/L 45.14 ± 2.73; 45.70 (38.00-50.60) 44.19 ± 2.43; 44.50 (34.80–
47.90)

0.092

C-reactive protein,
mg/L

2.25 ± 1.95; 1.60 (0.08–6.19) 3.96 ± 3.92; 2.93 (0.53–14.02) 0.039

Haemoglobin, g/dL 13.43 ± 1.58; 13.30 (9.60–16.00) 13.29 ± 1.36; 13.40 (11.10–
15.50)

0.656

UPDRS total score 16.25 ± 8.20; 14 (4–40) 18.68 ± 7.95; 18 (6–43) 0.155

Disease duration,
years

4.19 ± 3.69; 3 (1–15) 4.35 ± 3.48; 3.5 (1–15) 0.831

FEV1, % predicted 92.55 ± 10.74; 89 (80–124) 62.93 ± 13.17; 68 (20–78) < 
0.001

FVC, % predicted 76.11 ± 10.05; 75 (61–101) 55.55 ± 12.36; 55 (30–85) < 
0.001

FEV1/FVC ratio 0.94 ± 0.05; 0.96 (0.80-1.00) 0.90 ± 0.09; 0.92 (0.72-1.00) 0.010

SGRQ total score 28.61 ± 20.85; 25.51 (1.05–
77.97)

25.34 ± 20.51; 22.78 (0-75.09) 0.453

CAT score 10.21 ± 8.88; 8 (0–37) 11.08 ± 6.99; 11.5 (0–27) 0.612

mMRC dyspnoea
scale

0.83 ± 1.05; 0 (0–3) 1.13 ± 0.97; 1 (0–3) 0.169

PDQ-39 total score 24.66 ± 12.59; 20 (5–61) 25.93 ± 14.43; 22.5 (10–65) 0.654

Data are presented as mean ± standard deviation (SD); median (minimum–maximum).

Footnote

CRP, C-reactive protein; BMI, body mass index; UPDRS, Unified Parkinson’s Disease Rating Scale; FEV₁,
forced expiratory volume in the first second; FVC, forced vital capacity; SGRQ, St George’s Respiratory
Questionnaire; CAT, COPD Assessment Test; mMRC, modified Medical Research Council; PDQ-39,
Parkinson’s Disease Questionnaire-39. Reduced pulmonary function was defined as FEV₁ <80% of
predicted.
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3.5. Correlations between clinical variables and pulmonary
function
Spearman correlation analyses are summarized in Table 5.

UPDRS total score showed weak inverse correlations with FEV₁ (r=-0.225, p = 0.030) and FVC (r=-0.227,
p = 0.029). H&Y stage was not significantly correlated with FEV₁, FVC, FEV₁/FVC, or reduced pulmonary
function.

Age was inversely correlated with FEV₁ (r=-0.318, p = 0.002) and FVC (r=-0.296, p = 0.004), and was
positively associated with reduced pulmonary function (r = 0.269, p = 0.009). Disease duration was not
significantly associated with any pulmonary function outcome.

Among laboratory variables, CRP was weakly inversely correlated with FEV₁ (r=-0.270, p = 0.048).
Albumin showed a weak positive correlation with FVC (r = 0.211, p = 0.045) and a borderline inverse
association with reduced pulmonary function (r=-0.207, p = 0.050). Haemoglobin was inversely
correlated with the FEV₁/FVC ratio (r=-0.246, p = 0.017).

Hypertension was positively associated with reduced pulmonary function (r = 0.230, p = 0.027), whereas
dyslipidaemia was positively correlated with the FEV₁/FVC ratio (r = 0.242, p = 0.020).

No significant correlations were observed between SGRQ, CAT, or mMRC scores and FEV₁, FVC,
FEV₁/FVC, or reduced pulmonary function. PDQ-39 total score was also not significantly correlated with
the spirometric outcomes.

In contrast, respiratory questionnaire scores were associated with neurological disease burden: SGRQ,
CAT, and mMRC scores showed positive correlations with UPDRS total score, while PDQ-39 total score
showed a strong positive correlation with UPDRS total score and a moderate positive correlation with
H&Y stage.
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Table 5
Spearman correlations between clinical variables and pulmonary function outcomes

Variable FEV1, r (p) FVC, r (p) FEV1/FVC, r (p) Reduced PF, r (p)

Hoehn-Yahr stage -0.198 (0.057) -0.194 (0.063) 0.104 (0.319) 0.080 (0.446)

UPDRS total score -0.225 (0.030)* -0.227 (0.029)* 0.085 (0.421) 0.168 (0.108)

Disease duration -0.125 (0.231) -0.166 (0.113) 0.117 (0.266) 0.055 (0.601)

Age -0.318 (0.002)* -0.296 (0.004)* -0.116 (0.266) 0.269 (0.009)*

Hypertension -0.165 (0.114) -0.169 (0.106) 0.009 (0.935) 0.230 (0.027)*

Dyslipidaemia -0.133 (0.203) -0.167 (0.110) 0.242 (0.020)* 0.181 (0.083)

Albumin 0.151 (0.155) 0.211 (0.045)* -0.127 (0.234) -0.207 (0.050)*

C-reactive protein -0.270 (0.048)* -0.245 (0.074) -0.161 (0.244) 0.252 (0.067)

Haemoglobin 0.079 (0.449) 0.197 (0.059) -0.246 (0.017)* -0.062 (0.553)

SGRQ total score 0.077 (0.461) 0.071 (0.499) 0.060 (0.570) -0.085 (0.416)

CAT score -0.159 (0.128) -0.126 (0.228) 0.058 (0.584) 0.127 (0.224)

mMRC dyspnoea scale -0.175 (0.094) -0.102 (0.330) 0.003 (0.977) 0.171 (0.102)

PDQ-39 total score -0.076 (0.468) -0.158 (0.129) 0.202 (0.052) 0.018 (0.865)

*p < 0.05. PF, pulmonary function. Reduced PF was defined as FEV1 < 80% of predicted.

Footnote

H&Y, Hoehn–Yahr; UPDRS, Unified Parkinson’s Disease Rating Scale; FEV₁, forced expiratory volume in
the first second; FVC, forced vital capacity; CRP, C-reactive protein; SGRQ, St George’s Respiratory
Questionnaire; CAT, COPD Assessment Test; mMRC, modified Medical Research Council; PDQ-39,
Parkinson’s Disease Questionnaire-39. Reduced pulmonary function was defined as FEV₁ <80% of
predicted.

3.6. Multivariable analysis of factors independently
associated with pulmonary function
Multivariable linear regression models were constructed separately for FEV₁, FVC, and the FEV₁/FVC
ratio. Each model simultaneously included age, sex, UPDRS total score, disease duration, CRP, albumin,
and haemoglobin. The complete regression results are presented in Table 6.

For FEV₁, both age and CRP were independently associated with lower FEV₁. Age was inversely
associated with FEV₁ (B=-0.67, SE = 0.26, β=-0.25, p = 0.011), while CRP was also inversely associated
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with FEV₁ (B=-1.84, SE = 0.70, β=-0.31, p = 0.009). The model explained 15.7% of the variance in FEV₁
(R²=0.157). Sex, UPDRS total score, disease duration, albumin, and haemoglobin were not independently
associated with FEV₁.

For FVC, age and CRP were similarly independently associated with lower FVC. Age was inversely
associated with FVC (B=-0.51, SE = 0.21, β=-0.24, p = 0.013), and CRP was also inversely associated with
FVC (B=-1.39, SE = 0.55, β=-0.29, p = 0.011). The model explained 18.3% of the variance in FVC
(R²=0.183). Sex, UPDRS total score, disease duration, albumin, and haemoglobin were not independently
associated with FVC.

For the FEV₁/FVC ratio, age and haemoglobin were independently associated with the outcome. Age was
inversely associated with the FEV₁/FVC ratio (β=-0.22, p = 0.019), as was haemoglobin (β=-0.23, p = 
0.015). The model explained 17.8% of the variance in the FEV₁/FVC ratio (R²=0.178). Sex, UPDRS total
score, disease duration, CRP, and albumin were not independently associated with the FEV₁/FVC ratio.

Overall, age was independently associated with lower FEV₁, FVC, and FEV₁/FVC, whereas CRP was
independently associated with lower FEV₁ and FVC. Haemoglobin was independently associated with
the FEV₁/FVC ratio. Neurological disease severity, disease duration, sex, and albumin were not
independently associated with pulmonary function parameters after adjustment.
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Table 6
Multivariable linear regression models for pulmonary function parameters

Dependent variable Independent variable B SE β p value R²

FEV1 (%) Sex 0.81 3.63 0.02 0.823 0.157

  Age -0.67 0.26 -0.25 0.011  

  UPDRS total score -0.01 0.22 0.00 0.964  

  Disease duration -0.05 0.51 -0.01 0.925  

  C-reactive protein -1.84 0.70 -0.31 0.009  

  Albumin -0.07 0.70 -0.01 0.927  

  Haemoglobin 0.08 1.23 0.01 0.947  

FVC (%) Sex -0.18 2.84 -0.01 0.950 0.183

  Age -0.51 0.21 -0.24 0.013  

  UPDRS total score 0.13 0.18 0.07 0.475  

  Disease duration -0.44 0.40 -0.11 0.269  

  C-reactive protein -1.39 0.55 -0.29 0.011  

  Albumin 0.30 0.55 0.05 0.580  

  Haemoglobin 1.48 0.96 0.15 0.124  

FEV1/FVC Sex 0.02 0.01 0.11 0.236 0.178

  Age 0.00 0.00 -0.22 0.019  

  UPDRS total score 0.00 0.00 -0.08 0.428  

  Disease duration 0.00 0.00 0.15 0.123  

  C-reactive protein 0.00 0.00 -0.16 0.172  

  Albumin 0.00 0.00 -0.10 0.297  

  Haemoglobin -0.01 0.01 -0.23 0.015  

B, unstandardised regression coefficient; SE, standard error; β, standardised regression coefficient. The
models included sex, age, UPDRS total score, disease duration, C-reactive protein, albumin, and
haemoglobin. Significant predictors are highlighted in bold.

Footnote

CRP, C-reactive protein; UPDRS, Unified Parkinson’s Disease Rating Scale; FEV₁, forced expiratory volume
in the first second; FVC, forced vital capacity. Each model simultaneously included sex, age, UPDRS total
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score, disease duration, CRP, albumin, and haemoglobin. R² represents the proportion of variance
explained by the corresponding multivariable model.

4. Discussion
In this single-center observational study of patients with Parkinson’s disease (PD), reduced pulmonary
function was relatively common, with 43.0% of patients having an FEV₁ below 80% of predicted. Patients
with reduced pulmonary function were older and had higher CRP concentrations than those with
preserved pulmonary function. In multivariable analyses, age and CRP were independently associated
with lower FEV₁ and FVC, whereas age and haemoglobin were independently associated with the
FEV₁/FVC ratio. In contrast, Hoehn–Yahr stage, motor phenotype, disease duration, sex, and UPDRS total
score were not independently associated with the spirometric outcomes. Furthermore, spirometric
impairment was not significantly associated with SGRQ, CAT, mMRC, or PDQ-39 scores. Taken together,
these findings suggest that pulmonary impairment in PD may not simply represent a manifestation of
advanced neurological disease but may also be associated with ageing and systemic inflammatory
burden.

Respiratory dysfunction in PD is increasingly recognized as a heterogeneous clinical problem involving
multiple potentially interacting mechanisms. These include respiratory muscle dysfunction, altered chest
wall mechanics, postural abnormalities, upper airway dysfunction, impaired cough and swallowing, and
abnormalities in central ventilatory control [15, 16]. Such mechanisms may occur at different stages of
the disease and may not progress in parallel. Consequently, respiratory impairment in PD cannot
necessarily be characterized by a single physiological pattern or assumed to correspond directly to
neurological disease severity.

The present findings are consistent with this broader concept. Although FEV₁ and FVC tended to be
lower in patients with more advanced H&Y stages, these differences did not reach statistical
significance. Similarly, the proportion of patients with reduced pulmonary function did not differ
significantly across H&Y stages. Motor phenotype was also not significantly associated with FEV₁, FVC,
FEV₁/FVC, or respiratory symptom scores. These findings suggest that conventional measures of
neurological severity may not adequately capture respiratory impairment in PD. This interpretation is
compatible with previous work indicating that respiratory abnormalities can occur even in patients with
relatively mild PD and that abnormalities in ventilatory control may be present despite relatively
preserved conventional pulmonary and inspiratory muscle measurements [17, 18]. Thus, the absence of
advanced neurological disease should not necessarily be interpreted as evidence of preserved
respiratory function.

Age was one of the most consistent factors associated with pulmonary function in the present cohort.
Older age was associated with lower FEV₁ and FVC in correlation analyses and remained independently
associated with both parameters after adjustment for sex, UPDRS score, disease duration, CRP, albumin,
and haemoglobin. Age was also independently associated with the FEV₁/FVC ratio. This finding is
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biologically plausible because ageing is accompanied by progressive changes in lung elastic properties,
respiratory muscle performance, chest wall mechanics, and physiological reserve. Importantly,
longitudinal studies in healthy populations demonstrate substantial interindividual variability in the rate
of pulmonary function decline, indicating that chronological ageing does not affect all individuals
uniformly [19]. In PD, age-related reduction in respiratory reserve may coexist with impaired mobility,
postural abnormalities, swallowing dysfunction, frailty, and comorbidity, potentially increasing
susceptibility to respiratory impairment [20]. Therefore, the association of age with pulmonary function
in this cohort may reflect the cumulative reduction in physiological reserve that becomes clinically
relevant in patients with a neurodegenerative disorder.

The association between systemic inflammation and pulmonary function represents another important
finding. CRP concentrations were significantly higher among patients with reduced pulmonary function
and were inversely correlated with FEV₁. More importantly, CRP remained independently associated with
lower FEV₁ and FVC after adjustment for demographic, neurological, and laboratory variables. These
findings suggest that systemic inflammatory burden may be clinically relevant to pulmonary function in
PD. Previous studies have investigated peripheral inflammatory markers in PD, although findings have
been heterogeneous and the biological pathways remain incompletely defined [21, 22].

The present study does not establish a causal relationship between inflammation and pulmonary
impairment. CRP is a nonspecific inflammatory marker and may be influenced by multiple conditions,
including metabolic disease, vascular comorbidity, infection, tissue injury, and other systemic
inflammatory processes. Accordingly, the observed association should be interpreted as an
epidemiological and clinical signal rather than evidence that CRP directly causes pulmonary dysfunction.
The directionality of the association also cannot be determined from this cross-sectional design. Higher
systemic inflammation may contribute to impaired pulmonary function, impaired pulmonary function
may be associated with greater inflammatory activity, or both may reflect a common underlying process
[23]. Nevertheless, the persistence of the CRP association after adjustment for several clinically relevant
variables supports further investigation of systemic inflammatory burden as a potential correlate of
respiratory dysfunction in PD.

The spirometric findings themselves also warrant careful interpretation. FVC was relatively reduced in
the cohort, whereas the mean FEV₁/FVC ratio was comparatively preserved. This pattern may be
compatible with reduced lung volumes rather than classical airflow obstruction; however, spirometry
alone cannot establish a restrictive ventilatory defect. Complete pulmonary function testing, including
lung volumes and diffusing capacity, together with respiratory muscle strength measurements, would be
required to characterize the underlying physiological mechanism. In PD, reduced FVC may reflect true
restriction, impaired chest wall expansion, respiratory muscle weakness, postural limitation, impaired
coordination, or suboptimal inspiratory or expiratory effort. Therefore, the present results should be
interpreted as evidence of reduced spirometric performance rather than as definitive evidence of a
specific ventilatory defect.
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An important finding was the lack of a clear relationship between spirometric impairment and respiratory
symptom burden. Patients classified as having reduced pulmonary function did not have significantly
different SGRQ, CAT, or mMRC scores from those with preserved pulmonary function. Similarly,
respiratory questionnaire scores were not significantly correlated with FEV₁, FVC, or the FEV₁/FVC ratio.
This apparent discrepancy between objective pulmonary function and patient-reported respiratory
symptoms may be particularly relevant in PD. Respiratory symptoms can be subtle and may be attributed
to ageing, fatigue, reduced mobility, anxiety, or neurological disease rather than recognized as
manifestations of respiratory dysfunction. Qualitative studies have also shown that patients with PD may
describe respiratory symptoms in heterogeneous ways, often relating them to daily activities, posture,
fatigue, and functional limitations rather than identifying them specifically as pulmonary symptoms [24].
Furthermore, recent patient-reported research has distinguished dyspnoea from dystussia, suggesting
that breathlessness and impaired cough represent partially distinct clinical manifestations [25].
Conventional respiratory questionnaires may therefore not fully capture the range of respiratory
abnormalities occurring in PD [26].

The relationship between neurological burden and quality of life further supports the distinction between
respiratory and neurological domains. In the present study, PDQ-39 scores were significantly worse with
increasing H&Y stage, and PDQ-39 was strongly correlated with UPDRS total score. SGRQ, CAT, and
mMRC scores were also associated with measures of neurological disease burden. However, these
relationships did not translate into significant associations between spirometric impairment and
disease-specific quality of life. This suggests that quality of life in PD is influenced by multiple domains
and that neurological disability and pulmonary impairment may contribute to the overall clinical state
through partly independent pathways. Importantly, the absence of an association between spirometry
and questionnaire-based quality of life should not be interpreted as evidence that pulmonary dysfunction
is clinically irrelevant; rather, it indicates that these instruments may capture different dimensions of
disease burden.

The clinical implications of these findings are relevant to routine neurological assessment. Respiratory
evaluation should not necessarily be limited to patients with advanced H&Y stage or prominent
dyspnoea. Older patients and those with evidence of systemic inflammatory burden may represent
clinically relevant groups in whom objective pulmonary assessment could be considered, particularly
when respiratory symptoms, functional decline, swallowing difficulties, or impaired cough are present.
Spirometry is relatively accessible and may provide information that is not apparent from neurological
examination or symptom questionnaires alone. However, spirometry should be regarded as an initial
assessment rather than a comprehensive evaluation of respiratory function. When clinically indicated,
additional assessment of respiratory muscle strength, cough effectiveness, swallowing function,
exercise capacity, or complete pulmonary function may provide complementary information. Prospective
studies linking impaired lung function with clinical outcomes in PD further support the potential
importance of recognizing respiratory abnormalities as part of the broader clinical phenotype [27].
Previous interventional studies have also suggested that respiratory-focused and integrative exercise
approaches may improve selected respiratory outcomes in patients with PD [28, 29].
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The present findings also have implications for the interpretation of respiratory impairment in PD. A
respiratory abnormality should not automatically be considered a consequence of advanced motor
disease. Instead, the respiratory phenotype may reflect the interaction of neurological dysfunction with
ageing, systemic inflammation, reduced physiological reserve, comorbid disease, and other factors. This
multidimensional interpretation may help explain why neither H&Y stage nor motor phenotype was
independently associated with spirometric performance in our cohort. It may also help explain why
respiratory questionnaires did not consistently identify patients with objectively reduced pulmonary
function.

Several strengths of this study should be acknowledged. First, the study integrated neurological
characteristics, spirometric parameters, systemic inflammatory markers, respiratory symptoms, and PD-
specific quality of life within the same cohort. This allowed pulmonary function to be evaluated in
relation to several clinically relevant domains rather than as an isolated physiological measurement.
Second, the study included both continuous spirometric outcomes and a predefined categorical measure
of reduced pulmonary function. Third, multivariable models simultaneously accounted for demographic,
neurological, inflammatory, and laboratory variables, allowing assessment of factors independently
associated with FEV₁, FVC, and the FEV₁/FVC ratio.

Several limitations should also be considered. First, the retrospective, single-center, cross-sectional
design precludes causal inference and limits the generalizability of the findings. Longitudinal studies are
required to determine whether the observed associations with age and CRP are associated with
subsequent decline in pulmonary function. Second, the sample size was relatively modest, particularly
for subgroup analyses according to H&Y stage and motor phenotype. Third, spirometry was performed
before bronchodilator administration, and complete lung volume measurements, diffusing capacity, and
respiratory muscle strength assessments were not available. Therefore, the underlying physiological
basis of the observed reduction in FEV₁ and FVC could not be definitively characterized. Fourth, CRP is a
nonspecific marker and cannot distinguish neuroinflammatory activity from other systemic inflammatory
or comorbid conditions. Fifth, the use of an FEV₁ <80% predicted threshold for the categorical
classification of reduced pulmonary function may not capture the full spectrum of abnormal spirometry
and should not be considered a substitute for contemporary lower-limit-of-normal-based interpretation.
Finally, residual confounding cannot be excluded despite multivariable adjustment.

Despite these limitations, the study provides clinically relevant evidence that reduced pulmonary function
is relatively common among patients with PD and that its relationship with neurological disease severity
is not straightforward. The consistent associations of age with FEV₁ and FVC and of CRP with both
parameters suggest that ageing and systemic inflammatory burden may be relevant components of the
respiratory phenotype of PD. Prospective longitudinal studies incorporating complete pulmonary
function testing, respiratory muscle assessment, swallowing and cough evaluation, and serial
inflammatory measurements are warranted to determine whether these factors are associated with
subsequent decline in pulmonary function and clinically relevant respiratory outcomes in patients with
PD.
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Conclusion
In summary, reduced pulmonary function was common in this cohort of patients with Parkinson’s
disease and was most strongly associated with older age and higher C-reactive protein (CRP)
concentrations. Although greater neurological disease severity was associated with poorer disease-
specific quality of life and higher respiratory symptom burden, these clinical measures did not
independently explain spirometric impairment. These findings suggest that pulmonary function in
Parkinson’s disease may reflect the combined contribution of neurological disease, ageing, systemic
inflammation, and reduced physiological reserve. Routine respiratory assessment, particularly in older
patients and those with evidence of systemic inflammatory burden, may facilitate the early identification
of clinically relevant respiratory impairment. Future prospective longitudinal studies incorporating
comprehensive pulmonary function testing, respiratory muscle assessment, and evaluation of
swallowing and cough function are warranted to determine whether early detection and targeted
management of respiratory impairment can improve clinical outcomes in Parkinson’s disease.

Abbreviations
PD
Parkinson’s disease
H&Y
Hoehn–Yahr
UPDRS
Unified Parkinson’s Disease Rating Scale
FEV₁
forced expiratory volume in the first second
FVC
forced vital capacity
CRP
C-reactive protein
SGRQ
St George’s Respiratory Questionnaire
CAT
COPD Assessment Test
mMRC
modified Medical Research Council
PDQ-39
Parkinson’s Disease Questionnaire-39
ATS/ERS
American Thoracic Society/European Respiratory Society
BMI
body mass index

Page 24/28



SD
standard deviation.

Declarations
Ethics approval and consent to participate

The study protocol was approved by the Ethics Committee of Giresun Training and Research Hospital
(Approval No. 15; 4 September 2024). The study was conducted in accordance with the ethical principles
of the Declaration of Helsinki and its subsequent amendments. As this was a retrospective study based
on existing clinical records, the requirement for individual informed consent was determined in
accordance with the decision of the institutional ethics committee.

Consent for publication

Not applicable. The manuscript does not contain identifiable individual patient data or images.

Availability of data and materials

The datasets generated and/or analysed during the current study are not publicly available due to ethical
and privacy restrictions related to individual patient data but are available from the corresponding author
on reasonable request and with permission from the relevant institutional ethics committee.

Competing interests

The authors declare that they have no competing interests.

Funding

This research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Authors' contributions

R.C. conceived and designed the study, contributed to data collection, performed the statistical analysis,
interpreted the findings, and drafted the manuscript. H.A.D. contributed to neurological assessment,
clinical data collection, and interpretation of the findings. R.C. and H.A.D. critically reviewed and revised
the manuscript. Both authors approved the final version of the manuscript and agreed to be accountable
for all aspects of the work.

Acknowledgements

Not applicable.

Page 25/28



References
1. GBD 2016 Parkinson's Disease Collaborators. Global, regional, and national burden of Parkinson's

disease, 1990–2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet
Neurol. 2018;17(11):939–53. 10.1016/S1474-4422(18)30295-3.

2. Chaudhuri KR, Healy DG, Schapira AH, National Institute for Clinical Excellence. Non-motor
symptoms of Parkinson's disease: diagnosis and management. Lancet Neurol. 2006;5(3):235–45.
10.1016/S1474-4422(06)70373-8.

3. Torsney KM, Forsyth D. Respiratory dysfunction in Parkinson's disease. J R Coll Physicians Edinb.
2017;47(1):35–9. 10.4997/JRCPE.2017.108.

4. McMahon L, Blake C, Lennon O. A systematic review and meta-analysis of respiratory dysfunction in
Parkinson's disease. Eur J Neurol. 2023;30(5):1481–504. 10.1111/ene.15743.

5. Polatli M, Akyol A, Cildag O, Bayülkem K. Pulmonary function tests in Parkinson's disease. Eur J
Neurol. 2001;8(4):341–5. 10.1046/j.1468-1331.2001.00253.x.

6. Sabaté M, González I, Ruperez F, Rodríguez M. Obstructive and restrictive pulmonary dysfunctions in
Parkinson's disease. J Neurol Sci. 1996;138(1–2):114–9. 10.1016/0022-510x(96)00003-2.

7. Chua WY, Wang JDJ, Chan CKM, Chan LL, Tan EK. Risk of aspiration pneumonia and hospital
mortality in Parkinson disease: A systematic review and meta-analysis. Eur J Neurol.
2024;31(12):e16449. 10.1111/ene.16449.

8. Janssens JP, Pache JC, Nicod LP. Physiological changes in respiratory function associated with
ageing. Eur Respir J. 1999;13(1):197–205. 10.1034/j.1399-3003.1999.13a36.x.

9. Qiu X, Xiao Y, Wu J, Gan L, Huang Y, Wang J. C-Reactive Protein and Risk of Parkinson's Disease: A
Systematic Review and Meta-Analysis. Front Neurol. 2019;10:384. 10.3389/fneur.2019.00384.
Published 2019 Apr 17.

10. Polatlı M, Yorgancıoğlu A, Aydemir Ö, Yılmaz Demirci N, Kırkıl G, Atış Naycı S, et al. St. George
solunum anketinin Türkçe geçerlilik ve güvenilirliği [Validity and reliability of Turkish version of St.
George's respiratory questionnaire]. Tuberk Toraks. 2013;61(2):81–7. 10.5578/tt.5404.

11. Yorgancıoğlu A, Polatlı M, Aydemir Ö, Yılmaz Demirci N, Kırkıl G, Naycı Atış S, et al. KOAH
değerlendirme testinin Türkçe geçerlilik ve güvenilirliği [Reliability and validity of Turkish version of
COPD assessment test]. Tuberk Toraks. 2012;60(4):314–20. 10.5578/tt.4321.

12. Gur Kabul E, Demir P, Balkisli BC, Ulutas F, Yenil S, Basakci Calik B, Cobankara V. The validity and
reliability of the Turkish version of Modified Medical Research Council Dyspnea Scale in systemic
sclerosis patients with interstitial lung disease. Thorac Res Pract. 2024;25(6):215–20.
10.5152/ThoracResPract.2024.23135.

13. Bilge Kayapinar T, Dereli EE, Oztop-Cakmak O, Ertan FS, Kayapinar Aylak EE, Taskiran OO. Reliability
and validity of the Turkish version of the 39-item Parkinson Disease Questionnaire. Ideggyogy Sz.
2023;76(5–6):181–8. 10.18071/isz.76.0181.

Page 26/28



14. Peto V, Jenkinson C, Fitzpatrick R, Greenhall R. The development and validation of a short measure
of functioning and well being for individuals with Parkinson's disease. Qual Life Res. 1995;4(3):241–
8.

15. Aquino YC, Cabral LM, Miranda NC, et al. Respiratory disorders of Parkinson's disease. J
Neurophysiol. 2022;127(1):1–15. 10.1152/jn.00363.2021.

16. Kaczyńska K, Orłowska ME, Andrzejewski K. Respiratory Abnormalities in Parkinson's Disease: What
Do We Know from Studies in Humans and Animal Models? Int J Mol Sci. 2022;23(7):3499.
10.3390/ijms23073499. Published 2022 Mar 23.

17. Oliveira RT, Santos FMD, Ramos AG, Seki KLM, Müller PT, Christofoletti G. Pulmonary function and
medication effect in mild-stage subjects with Parkinson's disease. Função pulmonar e efeitos da
medicação em pessoas com doença de Parkinson em estágio leve. Arq Neuropsiquiatr.
2022;80(12):1233–8. 10.1055/s-0042-1758753.

18. Janssen Daalen JM, Straatsma IR, van Hees JWH, et al. Respiratory Dysfunction and Abnormal
Hypoxic Ventilatory Response in Mild to Moderate Parkinson's Disease. Mov Disord Clin Pract.
2024;11(12):1550–8. 10.1002/mdc3.14249.

19. Sangani R, Lee MM, Xu H, Dupuis J, O'Connor GT. The Upper Limit of Normal Rate of Lung Function
Decline in Healthy Adults in the Framingham Heart Study. CHEST Pulm. 2024;2(3):100058.
10.1016/j.chpulm.2024.100058.

20. Wang Y, Huang X, Luo G, et al. The aging lung: microenvironment, mechanisms, and diseases. Front
Immunol. 2024;15:1383503. 10.3389/fimmu.2024.1383503. Published 2024 May 2.

21. Dommershuijsen LJ, Ruiter R, Erler NS, Rizopoulos D, Ikram MA, Ikram MK. Peripheral Immune Cell
Numbers and C-Reactive Protein in Parkinson's Disease: Results from a Population-Based Study. J
Parkinsons Dis. 2022;12(2):667–78. 10.3233/JPD-212914.

22. Qu Y, Li J, Qin Q, et al. A systematic review and meta-analysis of inflammatory biomarkers in
Parkinson's disease. NPJ Parkinsons Dis. 2023;9(1):18. 10.1038/s41531-023-00449-5. Published
2023 Feb 4.

23. Mehta N, Luthra NS, Corcos DM, Fantuzzi G. C-reactive protein as the biomarker of choice to monitor
the effects of exercise on inflammation in Parkinson's disease. Front Immunol. 2023;14:1178448.
Published 2023 May 12. 10.3389/fimmu.2023.1178448

24. van de Wetering-van Dongen VA, Nijkrake MJ, Koenders N, van der Wees PJ, Bloem BR, Kalf JG.
Experienced Respiratory Symptoms and the Impact on Daily Life from the Perspective of People
with Parkinson's Disease: A Grounded Theory. J Parkinsons Dis. 2022;12(5):1677–91. 10.3233/JPD-
213121.

25. van de Wetering VA, Nijkrake MJ, van der Wees PJ et al. Dyspnea and dystussia in Parkinson's
disease: patient-reported prevalence and determinants. J Neurol. 2025;272(4):283. Published 2025
Mar 22. 10.1007/s00415-025-13008-0

26. Jain S, Patel S, Nugent K. Dyspnea in Parkinson's disease. Respir Med. 2024;234:107801.
10.1016/j.rmed.2024.107801.

Page 27/28



27. Chen X, Zhang Z, Tong L, et al. Prospective Study of Lung Function with Prodromal, Clinical
Parkinson's Disease, and Mortality. J Parkinsons Dis. 2024;14(7):1427–39. 10.3233/JPD-240097.

28. McMahon L, McGrath D, Blake C, Lennon O. Responsiveness of respiratory function in Parkinson's
Disease to an integrative exercise programme: A prospective cohort study. PLoS ONE.
2024;19(3):e0301433. 10.1371/journal.pone.0301433. Published 2024 Mar 29.

29. Zhuang J, Jia J. Effects of Respiratory Muscle Strength Training on Respiratory-Related Impairments
of Parkinson's Disease. Front Aging Neurosci. 2022;14:929923. 10.3389/fnagi.2022.929923.
Published 2022 Jun 30.

Page 28/28


